| INTRODUCTION
The National HIV Sentinel Surveillance in China revealed that the prevalence of human immunodeficiency virus (HIV) among Chinese men who have sex with men (MSM) has increased steadily from 1.5% in 2005 to 8.0% in 2015 [1] . The urban MSM appear to be susceptible to even higher prevalence estimates as a 2017 multi-city study reported a 9.9% prevalence rate [2] . In some cities in particular, HIV prevalence is as high as 14% [3] to 19.7% [4] among MSM. Additionally, MSM comprise over a quarter of China's newly diagnosed cases [5] , which is more than three times the rate of new diagnoses for MSM in other countries [6] . In light of these trends, there is an urgent need for China to implement HIV prevention measures among MSM.
Pre-exposure prophylaxis (PrEP), a daily, oral antiretroviral medication, has emerged as one of the most promising means of preventing HIV transmission [7] and has recommended by the United States Centers for Disease Control (US CDC) and the World Health Organization (WHO) for HIV prevention [8] [9] [10] [11] . While the medication is clearly effective, the fact remains that its success is ultimately dependent on its adoption [12, 13] . PrEP uptake has been shown to be both feasible and promising in studies among MSM in North America [14] , Africa [15] , and India [16] , but further analyses are needed in other countries, including China.
Our study used a National Internet Survey to examine factors associated with the acceptability of PrEP among Chinese MSM. We chose this study design because China is the world's largest Internet and mobile phone market and numbered close to 700 million users in 2017 [17, 18] . Internet-based surveys are also attractive to young MSM who regularly use their mobile phones for dating and face a disproportionately high risk for HIV infection [19] [20] [21] . Guided by a MSM community organization and primarily administered through a National MSM social networking site, our survey drew a large sample size, from which we assessed demographic characteristics, high-risk sexual behaviours and PrEP knowledge.
| METHODS

| Recruitment and data collection
Between 19 January 2017 and 6 February 2017, an Internet-based survey was administrated on PrEP knowledge and acceptability among Chinese MSM. The survey featured 30 questions and took approximately 10 minutes to complete (please see Appendix S1 for the survey questionnaire). Participants were recruited primarily through banner advertisements on "BLUED, " a common MSM dating App in mainland China with over 27 million registered Chinese users [22] .
For eligibility, participants had to reside in China, be at least 15 years of age, and being MSM. We aimed to assess the overall PrEP uptake preferences among the whole MSM community, therefore, we did not exclude HIV positives from our study population. Those interested were directed to a webpage survey questionnaire. All were informed that participation was voluntary and anonymous by clicking a button to read the online consent form. Study protocol was approved by the Institutional Review Board at Beijing Ditan Hospital, Beijing, China (no. IRB00004487).
| Measures
Participants were presented with a scenario in which PrEP was readily available and asked a number of survey-specific questions about whether they would take PrEP for HIV prevention, how they would prefer to access PrEP, and if they had any concerns regarding PrEP. To assess the willingness of PrEP, participants were asked to select from the following responses: "definitely not, " "probably not, " "not sure, " "probably yes" and "definitely yes. " In the final analysis, we grouped these five-level Likert scale responses into three-level responses as "definitely yes, " "probably yes" and "no (definitely not/probably not/not sure). " Participants were also asked to choose the type of venue they would like to visit to obtain PrEP if they chose willingness to receive PrEP as "definitely yes" and "probably yes. " Participants were asked to select reasons they would be reluctant to take PrEP if they selected "no" to receive PrEP.
Participants were asked if they had heard of PrEP before. If they answered "yes, " they were asked to select where they obtained that information from. Additionally, they were asked to indicate who they thought should take PrEP. Questions about PrEP knowledge were developed specifically for this survey.
To assess associations of HIV risk behaviours, participants were asked how many male sexual partners they had in the last 12 months and whether they had engaged in unprotected anal sexual intercourse (UAI). If the participant had engaged in UAI, he was asked how many partners he had participated in UAI within the last 12 months and if he had ever engaged in UAI with a stranger. Participants were also asked if they had been tested for HIV and other sexual transmitted infections (STIs), when they had last been tested, what their HIV/STI statuses were, and whether they normally ask sexual partners about HIV. All survey questions regarding HIV risk behaviours and testing were drawn from those employed in the Chinese National HIV sentinel surveillance system, which is the main source for Chinese HIV epidemic estimates and reports [23, 24] .
| Demographics
Measured demographic characteristics included sexual orientation, age, place of birth, place of residence, marital status, education level, annual income, and gender identity (at birth and at present).
Demographic survey questions were borrowed from the Chinese National HIV sentinel surveillance system [23, 25] .
| Data analysis
Only those who met our inclusion criteria were included in the final analysis. For the unadjusted analysis, Chi-square (v 2 ) tests were used to examine differences in PrEP uptake preferences and PrEP awareness across demographic characteristics, HIV risk and testing behaviours, and PrEP concerns. We used multinomial logistic regression models to calculate the adjusted odds ratios, based on a three-level PrEP uptake preference of "no" (reference group), for MSM who reported "probably yes" and MSM who reported "definitely yes" to PrEP. The adjusted odds ratios describe the multiplicative effect of a unit increase in each predictor on the odds of selecting "definitely yes" or "probably yes" for PrEP uptake compared to the base response group that selected "no. " After checking for collinearity risks, we built a model with predictors of PrEP awareness, HIV risk behaviours, HIV testing status, and general PrEP concerns that was adjusted for age, income, and sexual orientation. All statistical analyses were conducted using STATA version 14.0 (StataCorp LP, College Station, TX, USA).
| RESULTS
| Demographic characteristics and HIV risks
In total, 4581 Chinese MSM enrolled in the final analysis. These participants represented all of the China's 33 geographical divisions: 22 provinces, four municipalities, five autonomous regions, and Macau and Taiwan (please see Appendix S2 for details). The most represented regions included Guangdong province (n = 456), Shandong province (n = 314), Beijing (n = 300), Henan province (n = 286) and Jiangsu (n = 248). identified as bisexual and 7.6% were not sure. An annual income of <10,000 RMB was earned by 38.6% of survey participants but a similar proportion, 36.7%, reported earning between 30,001 and 150,000 RMB per year.
While nearly half of the sample (49.9%) had HIV testing in the last year, 41.9% reported never having been tested for HIV. Among those who did receive testing, 156 (6.8%) said they were HIV positive. A large proportion of participants, 43.3%, reported engaging in unprotected anal sex in the past 12 months (Table 1) . 
| PrEP awareness
Only 1028 of the 4581 respondents (22.4%) had heard of PrEP before taking the survey. Compared to their peers, those between the ages of 26 and 40 who were of a higher education levels, belonged to a greater income bracket, or identified as homosexual rather than bisexual or nonconforming were significantly more likely to report having heard of PrEP (Table 1) . Those who had HIV testing were also more likely to report having heard of PrEP compared to those who had never been tested (25.4% to 28.4% vs. 14.8%, p < 0.001). HIV risk behaviour, ethnicity, migrant status, and marital status were not associated with self-reported PrEP awareness ( Table 1) . Among those who had heard of PrEP, 668 (65.0%) learned about the medication from the Internet, whereas 24.3% received information from contacts in the MSM community. Only 10.7% of those who knew of PrEP received information in a medical facility. Compared to those who had not heard of PrEP, MSM with prior knowledge of the drug were more likely to say "definitely yes" to PrEP uptake (32.6% vs. 24.1%, p < 0.001). They were also more likely to prefer to obtain the medication from medical facilities (21.5% vs. 13.9%, p < 0.001) than from pharmacies or community organizations (Table 2) . Those who had heard of PrEP were also less likely to doubt PrEP's efficacy (50% vs. 58%, p < 0.001), or worry about having access to PrEP (38.2% vs. 43.9%, p < 0.001). They were, however, more likely to be concerned about the financial burden of adopting and adhering to PrEP (47.6% vs. 43.9%, p < 0.001) ( Table 2 ).
| Uptake preferences and concerns
Of 4581 MSM included in this study, 26.0% said they would use PrEP 49.6% indicated that they were "probably yes" ready to adopt PrEP and 24.4% said they were not ready to adopt PrEP (Table 2) . When asked where they would most like to access PrEP, the majority of MSM responded that they preferred pharmacies, Internet pharmacies or vending machines (46.3%), whereas 15.6% opted for medical facilities, 12.7% selected for gay communities and 25.45% indicated they would prefer somewhere other than the aforesaid locations. Over half of participants had concerns about PrEP, including doubts of PrEP's efficacy (56.8%) and worries about PrEP's side effects (69.9%). Other concerns included the financial burden associated with PrEP (44.7%) as well as if they would have access to PrEP (42.7%) ( Table 2 ).
Earlier we described that participants who had heard of PrEP were more likely to select "definitely yes" when asked if they were willing to uptake PrEP (Table 2 ). In contrast, those who perceived a low risk of HIV were less likely to say "definitely yes" to adopting PrEP (15.8% vs. 28.5%, p < 0.001), along with those who preferred to use condoms for HIV prevention (18.5% vs. 30.6%, p < 0.0010), and those who were worried about PrEP's side effects (25.1% vs. 28.5%, p < 0.001). On the other hand, concerns about financial burden or lack of access to PrEP were associated with increased willingness of participants to adopt PrEP (29.4% vs. 23.3% and 30.1% vs. 23.0%, p < 0.001) ( Table 2 ).
3.4 | Uptake-adjusted multivariable model Table 3 presents adjusted odds ratios (AORs) of variables potentially associated with PrEP uptake preferences among MSM. Even after adjusting for HIV risk behaviour, HIV testing status and demographic characteristics, participants who had heard of PrEP were more likely to say "definitely yes" (AOR = 1.7, 95% CI: 1.4 to 2.2) and "probably yes" to PrEP uptake (AOR = 1.2, 95% CI: 1.0 to 1.5) compared to those who had never heard of PrEP. Similarly, those who reported UAI in the last 12 months had a tendency to say "definitely yes" (AOR = 1.4, 95% CI: 1.1 to 1.5) and "probably yes" (AOR = 1.1, 95% CI: 1.0 to 1.5) to PrEP uptake compared to those who did not report UAI.
After adjusting for PrEP awareness, UAI and demographic characteristics, HIV testing behaviour was associated with willingness to take PrEP in our survey population. Compared to those who had HIV testing in the past year, participants who had never tested for HIV were less likely to say "definitely yes" to PrEP uptake (AOR = 0.7, 95% CI: 0.5 to 0.8). Participants who had HIV testing in last 5 years were more likely to response "probably yes" when asked about taking PrEP (AOR = 1.3, 95% CI: 1.0 to 1.7).
Participants who had a low self-perceived risk of HIV were less likely to say "definitely yes" (AOR = 0.3, 95% CI: 0.2 to 0.4) or "probably yes" (AOR = 0.5, 95% CI: 0.4 to 0.6) to PrEP uptake. A similar trend was found among those who preferred condoms as their primary form of HIV prevention (AOR = 0.5, 95% CI: 0.4 to 0.5) ( Table 3 ). Worries about PrEP side effects prompted participants to be more likely to say "probably yes" to PrEP uptake compared to those without these concerns (AOR = 1.3, 95% CI: 1.1 to 1.5), but worries about side effects did not significantly impact likelihood to say "definitely yes" to PrEP uptake (AOR = 0.9, 95% CI: 0.7 to 1.1). Finally, we found that those who had concerns about financial burdens and access to PrEP were more likely to say "definitely yes" to the PrEP uptake compared to those who did not voice those concerns (AOR = 1.4, 95% CI: 1.1 to 1.6). In the adjusted model, being over 40 years old was associated with PrEP uptake (AOR = 2.0, 95% CI: 1.1 to 3.6), whereas participants who were "not sure" about their sexual orientation were less likely to be willing to take PrEP (AOR = 0.6, 95% CI: 0.4 to 0.9) ( Table 3 ).
| DISCUSSION
Our study is the first to assess the PrEP uptake preferences and associated factors with a National Internet Survey. The 4581 MSM who participated represent every province in mainland China. The majority of participants were young adults aged 18 to 25 years old. Education levels of these young men were also much higher than the National average [26] . This unprecedented geographical representation of young, highly educated MSM suggests a general acceptance of Internet-based health and behavioural surveys in China.
Our survey identified a number of HIV risk behaviours common among survey participants, including high self-reported rates of UAI (43.3%) and low levels of HIV and other STI testing. These results shed light on the findings of other studies in China that have reported alarmingly high prevalence rate of HIV, including 6.8%, 7.0% and 7.75% among MSM [1, 27, 28] . These results highlight the need for better prevention strategies as well as the urgency of understanding the potential challenges that may complicate prevention initiatives in this high-risk community [2, 29] .
The majority of our survey participants doubted PrEP and only a quarter (26%) selected that they would be willing to take PrEP despite the fact that it is one of the most promising modes of HIV prevention. Most studies in China have focused on rates of PrEP acceptance rather than actual uptake [30] [31] [32] [33] [34] , and while reported levels of PrEP [30, [32] [33] [34] [35] , uptake has been consistently reported as very low [31, 36] . Compared to younger MSM, our study identified those who were over 40 years old had higher rate of PrEP uptake. This finding is similar to that of Ding et al. who found that MSM over 45 were more likely to take PrEP than those between the ages of 18 and 24 (AOR = 2.18, 95% CI: 1.13 to 4.23) [35] . One possible explanation is that younger MSM are more sensitive to concerns about PrEP's side effects than older MSM given they face a longer duration of treatment [35] . We also found high financial burden and high concern about the access to PrEP among the group of MSM willing to uptake PrEP when available. This may indicate that those who are concerned about accessibility hope the Chinese government will provide PrEP for free, similar to the free antiretroviral therapy (ART) currently provided by the government.
Our study further provides important insights into the role education may play in advancing PrEP acceptability and the success of combined HIV prevention approaches. First, we observed that participating MSM who had previously heard of PrEP were much more likely to say "definitely yes" to adopting the medication and much less likely to express efficacy concerns. However, only 22.4% of our survey participants had heard of PrEP before taking the survey. Low levels of PrEP awareness have been consistently reported in the Chinese MSM community [30, 31] . Although many studies have demonstrated that oral Tenofovir-based PrEP regimens are effective and safe among MSM [37] , a considerable proportion of our sample was concerned about PrEP's efficacy (56.8%) and potential side effects (69.9%). These two concerns emerged as more notable barriers to PrEP adoption within our study sample than within other study samples in Asia. In particular, studies conducted among female and transgender sex workers have reported that only 28.4% and 36.8% of those unwilling to use PrEP were weary of side effects [34, 38] . A likely contributor to the lack of sufficient HIV and PrEP knowledge is the stigmatization of MSM in China, which prevents the community from accessing HIV resources and care services [39] . An effective roll-out of PrEP in the Chinese MSM community will therefore require broader educational campaigns to increase PrEP knowledge as well as efforts to reduce HIV stigma [39] . Our study sample was also highly educated and regularly accessed information on mobile phones, which suggests that there is great potential for educational and promotional online PrEP campaigns to successfully reach Chinese MSM [17, 18] . In fact, MSM who participated in our survey actually indicated that they would trust the Internet more than medical facilities or community organizations for information on PrEP. In addition, a high proportion of our survey participants had heard of PrEP online and preferred "Internet pharmacies, normal pharmacies or vending machines" as their chosen mode of PrEP acquisition. Our survey also clearly indicated that MSM in China prefer the Internet to medical facilities when looking for general health information. Therefore, we conclude that online educational efforts can greatly facilitate PrEP uptake among young Chinese MSM [17] . Those who saw themselves as high risk for HIV (39.0% vs. 20.8%) and those who did not think condom use offered sufficient HIV protection (30.2% vs. 20.8%) were also more likely to say they were willing to adopt PrEP. This is similar to findings of Draper et al. [40] , who observed a 10 to 20% increase in PrEP willingness among those who perceived themselves as having a high HIV risk compared to those who did not. Consequently, in targeted HIV prevention and PrEP promotion campaigns, it may be valuable to use statistical evidence to emphasize the high rates of HIV in MSM populations and increase their perceived levels of HIV risks.
Our study is drawn from a large and targeted data set covering most geographical areas in China and includes the results of the first online survey of its kind among Chinese MSM. However, our study was not exempt from limitations, the most important of which was the use of a cross-sectional survey and its natural reliance on self-reported information. Using China's largest MSM dating site as our survey platform, our sample was likely biased towards young MSM, potentially limiting the generalizability of our findings. However, given HIV incidence and the prevalence rates in China are highest among MSM under the age of 25 years of age [41] , our survey allowed us to obtain a representative sample of Chinese MSM most vulnerable for HIV. Second, the fact that our survey was administered online limits our study sample to one of convenience and without a specific sampling frame. As a result, our findings may not be reliably applied to MSM who reside in underrepresented provinces. Additionally, this was a cross-sectional study, no causal relationships can be made. We also did not focus on certain subgroups, such as HIV positive/negative MSM or those who were more likely to exhibit HIV risk behaviours because we aimed to assess overall PrEP uptake preferences among the whole MSM community online. In-depth analyses into highrisk subgroups will be conducted later. Finally, our survey did not collect information related to PrEP adherence, which is essential to preventing HIV. This limitation can also be found in other PrEP studies in China as PrEP is not yet widely available. Further studies are needed to assess factors influencing PrEP adherence once the medication is widely available in the country as one study found that only one-third of trial participants had adherence ≥80% [42] . Despite these limitations, our findings illustrate that while young Chinese MSM are at higher risk for HIV, their higher education levels and propensity to use Internet for information and socialization offer a unique opportunity for the implementation of PrEP and other HIV prevention scale-ups.
| CONCLUSIONS
Our findings suggest that MSM in China face a heightened risk of HIV and are in urgent need of effective, preventative health interventions. The PrEP adoption facilitators and barriers we identified in this population prompt us to advocate for a rapid expansion of PrEP advertising and informational campaigns tailored to Chinese MSM. The aims of such programmes should include boosting knowledge of PrEP's effectiveness and side effects as well as increasing awareness of the government's plans facilitate access to PrEP. Public health professionals should also try to address the medical mistrust that exists within this high-risk population while promoting the use of the Internet as an accurate and confidential source of PrEP information. Finally, HIV prevention cannot be successful without the support and collaboration of the MSM community. Future HIV prevention campaigns should build on the country's successful ART roll-out, optimize PrEP information through practical and familiar MSM channels, and establish innovative, MSM friendly public health platforms.
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